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(54) Ink jet recording apparatus, method of discharging ink from capping unit incorporated In the 
apparatus, and Ink composition used with the apparatus 

(57) A recording head has a nozzle formation face 
provided with nozzle orifices from which ink drops are 
jetted to print on a recording medium in accordance with 
print data. A capping unit has an internal space commu- 
nicated with a negative pressure generator, and an 
opening for sealing the nozzle formation face and suck- 
ing ink from the nozzle orifices into the internal space by 
negative pressure generated by the negative pressure 
generator. An ink discharge port is formed on a bottom 
portion of the internal space of the capping unit. An ink 
leader is provided in the capping unit so as to generate 
capillary action to lead the sucked ink toward the ink dis- 
charge port. 
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D scription 

BACKGROUND OF THE INVENTION 

[0001] This Invention relates to an Inkjet recording apparatus comprising a recording head for jetting ink drops from 
nozzle orifices based on print data, thereby printing on recording paper. Particularly, this invention to an ink jet recording 
apparatus that can prevent a print failure from occurring by suppressing volatilization of an ink solvent from the record- 
ing head during a suspend mode of the recording apparatus In order to avoid the influence of bubbles that can occur 
due to the surface tension of the ink solvent 

[0002] The ink jet recording apparatus Is used for various types of print including color print in these days because 
print noise is comparatively small and moreover small dots can be formed at a high density. 

[0003] The ink jet recording apparatus comprises an ink jet recording head for receiving ink supplied from art ink 
cartridge and a paper feeder for moving recording paper relatively to the recording head and jets ink drops onto record- 
ing paper for recording while moving the recording head on a carriage in the width direction of the recording paper. 
[0004] The recording head capable of jetting black ink and color inks of yellow, cyan, and magenta is mounted on 
the carriage, enabling not only text print in black ink, but also full color print by changing the content percentage of the 
respective color inks. 

[0005] Since ink pressurized in pressure generation chambers is jetted to recording paper as ink drops from nozzle 
orifices for printing, the recording head installed in the recording apparatus involves the problem of causing a print fail- 
ure to occur because of a rise in the ink viscosity or hardening of ink caused by evaporation of an ink solvent from the 
nozzle orifices, deposition of dust, mixing of bubbles into an ink flow passage, or the like. 

[0006] Thus, this kind of ink jet recording apparatus comprises a capping unit for sealing the nozzle formation face 
of the recording head in non-print mode (suspend mode) and a wiping member for wiping out and cleaning the nozzle 
formation face as required. 

[0007] The capping unit serves as a lid for preventing ink in the nozzle orifices from being dried in the suspend 
mode of print; it can suppress clogging caused by drying ink in the nozzle orifices of the recording head for providing 
the reliability of the print operation at the restart time of print 

[0008] Further, the capping unit also serves as a cleaner unit for sealing the nozzle formation face and sucking and 
discharging ink from the nozzle orifices by negative pressure generated by a suction pump, thereby resolving an Inkjet 
failure caused by clogging caused by ink hardening in the nozzle orifices or mixing of bubbles into the ink flow passage. 
[0009] To make the capping unit function effectively as a lid for preventing ink in the nozzle orifices from being dried 
during quiescent operation of print as described above, the related recording apparatus adopts a control sequence of 
jetting a predetermined amount of ink into the capping unit from the recording head just before the capping operation. 
[0010] On the other hand, the capping unit stores an ink absorption material of a porous foam formed like a sheet 
on the inner bottom of the capping unit formed like a rectangle and ink is held by the ink absorption material, thereby 
maintaining the internal space of the capping unit in a wet state with the nozzle formation face sealed. 
[0011] By the way, in addition to a water content, polyhydric alcohol such as glycerine or diethylene glycol as a 
humectant is mixed in print Ink for maintaining the inside of the capping unit in a wet state. 

[0012] The polyhydric alcohol has a nature of absorbing (retaining) water from the air and is used as an ink solvent 
to suppress an increase in viscosity of ink and hardening of ink for preventing clogging mainly in the minute nozzle ori- 
fices of the recording head. 

[0013] However, in a state in which the ink absorption material of a porous foam is placed In the capping unit as 
described above, the water content is evaporated from the ink absorption material with the passage of time, but the 
above-mentioned humectant is left in the ink absorption material and the composition percentage rises gradually with 
the passage of the use time of the recording apparatus. 

[0014] Therefore, if the humectant is left in the ink absorption material in a high composition percentage, it absorbs 
the water content in the internal space in the capped state of the recording head, developing a problem of drying ink in 
the nozzle orifices of the recording head. 

[0015] Focusing attention on the adverse effect of the humectant contained in print ink and from the viewpoint, it is 
a first object of the invention to provide a structure wherein the ink absorption material placed on the inner bottom of 
the capping unit is removed and to suck and discharge ink from the recording head, the ink can be discharged promptly 
so that it is not left in the capping unit, and provide an ink jet recording apparatus comprising a capping unit in which a 
high-density humectant is not accumulated and moreover an adequately wet state can be maintained by the water con- 
tent contained in the ink and make it possible to ensure reliability of print of a recording head. 

[0016] On the other hand, in the structure wherein the ink absorption material placed on the inner bottom of the 
capping unit is removed, as described above, if seating of the nozzle formation face of the recording head with the cap- 
ping unit is released, a large bubble shaped like a so-called soup bubble appears by the surface tension of an ink sol- 
vent between the seat face of the capping unit and the nozzle fomnation face of the recording head; this is a problem. 
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[0017] It is considered that a bubble occurs because a porous member as an ink absorption member does not exist 
and the inside, of the capping unit is formed as comparatively smooth faces. 

[0018] Figs. 33 to 36 schematically show the situation in order. Fig. 33 shows a state in which the nozzle formation 
face of the recording head is sealed with the capping unit. Figs. 34 to 36 show with the upper hail part shown in Fig. 33 

5 not shown how the above-mentioned large bubble shaped like a so-called soup bubble is left in the capping unit as seal- 
ing of the nozzle fonnation face of the recording head with the capping unit is released. 
[0019] Identical components shown in Figs. 33 to 36 are denoted by the same reference numerals. 
[0020] First, as shown in Fig. 33, a nozzle plate 12a fomning a nozzle formation face 12a of a recording head 12 is 
placed on the bottom face of a head case 12b forming a part of the recording head 12 and is formed with a plurality of 

10 nozzle orifices 1 2c. Actuators 1 2d, for example, implemented as piezoelectric vibrators are placed in the head case 1 2b 
in a one-to-one correspondence with the nozzle orifices 12c. 

[0021] Communication channels 12e are formed in the head case 12b from the nozzle orifices 12c and the actua- 
tors 12d to the top thereof. 

[0022] Four hollow ink introduction needles 41 are pieced upright on the top of the head case 12b and the commu- 
15 nication channels 1 2e formed in the head case 1 2b are made to communicate with hollow passages of the ink introduc- 
tion needles 41 . 

[0023] An ink introduction hole (not shown) is made in the vicinity of the crest of each ink introduction needle 41 
and ink from an ink cartridge is introduced through each ink introduction hole into the corresponding ink introduction 
needle 41 and is supplied via the communication flow passage 12e to the actuator 12d of the recording head 12. 
2o [0024] The ink introduction needle 41 at the left end shown in Fig. 33 is provided for receiving black Ink and a black 
ink cartridge 7 is attached toward the ink introduction needle 41 at the left end from the top. 

[0025] A color ink cartridge 8 stores color inks of cyan, magenta, and yellow separately in order from left to right in 
Fig. 33 and is also attached toward the three remaining ink introduction needles 41 from the top as shown in Rg. 33. 
[0026] On the other hand, the capping unit 9 is made up of a holder 21 and a cap member 22 of a rubber material, 

25 etc., having an end face formed almost like a square, the cap member 22 being placed on the top face of the holder 21 . 
The holder 21 is housed in a slider 43 that can be moved up and down with a circular art path via a link arm 42. 
[0027] An engagement projection 9e is placed at an end part of the slider 43 and abuts a part of the head case 1 2b 
as a carriage on which the recording head 12 is mounted is moved to the home position side (right in the figure), and 
the nozzle fonnation face 12a of the recording head 12 is sealed with the cap member 22 moved up through the link 

30 arm 42. 

[0028] From the seal state of the nozzle fonnation face 12a with the capping unit 9 shown in Fig. 33, the carriage 
is moved a little to the print area side (left in Fig. 34) as shown in the figure, whereby the capping unit 9 is moved down 
through the link amri 42, whereby the sealing of the nozzle fonnation face 12a with the capping unit 9 is released. 
[0029] When a slight gap occurs between the nozzle formation face 1 2a and the capping unit 9, a film Bu is formed 
35 in the gap by the surface tension of ink discharged into the capping unit 9 

[0030] In the structure of the capping unit 9 shown in the example, if the capping unit 9 is furthermore moved down 
as shown in Fig. 35, it is Inclined a little to the print area side, namely, is brought out of contact with the nozzle formation 
face 12a in an unparallel state therewith. 

[0031] Therefore, the film Bu generated by the surface tension of ink solvent is moved in the right direction in the 
40 figure where the spacing between the capping unit 9 and the nozzle formation face 12a is narrow, and grows to a large 
bubble Bu shaped like a so-called soup bubble. 

[0032] As shown in Fig. 36, the can-iage on which the recording head 12 is mounted is further moved to the print 
area side, whereby the large bubble Bu is left in the capping unit 9. 

[0033] If the nozzle formation face 1 2a of the recording head 1 2 is again sealed in the state in which the large bub- 
45 ble shaped like a soup bubble is thus left in the capping unit 9, the large bubble Bu disappears and at the instant, a 
meniscus of ink formed in the nozzle orifice is destroyed; this is a problem. Thus, an ink drop cannot normally be jetted 
through the nozzle orifice, namely, a print failure of a missing dot occurs. 

[0034] Particularly, in recent years, higher-precision print quality has been required increasingly and there has been 
a tendency to use ink using a pigment, for example. In such ink using a pigment, the surface tension is comparatively 
50 large and particulariy bubbles easily occur. 

[0035] It is therefore a second object of the invention to provide an ink jet recording apparatus for making it possible 
to avoid a print failure caused by occurrence of a large bubble shaped like a soup bubble or aggressively prevent a large 
bubble from occurring and an ink composition suited to the Inkjet recording apparatus, thereby preventing occurrence 
of a print failure of a missing dot, etc., and ensuring reliability of print of a recording head. 

55 

SUMMARY OF THE INVENTION 

[0036] To accomplish the above-mentioned object, according to the invention, there is provided an ink jet recording 
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apparatus comprising: 

a recording head having a nozzle formation face provided with nozzle orifices from which ink drops are jetted to 
print on a recording medium in accordance with print data; 
5 a capping unit having an internal space communicated with a negative pressure generator, and having an opening 

for sealing the nozzle formation face and sucking ink from the nozzle orifices into the internal space by negative 
pressure generated by the negative pressure generator; 

an ink discharge port formed on a bottom portion of the internal space of the capping unit; and 
an ink leader provided in the capping unit so as to generate capillary action to lead the sucked ink toward the ink 
10 discharge port. 

[0037] Preferably, a pair of slopes are formed in the internal space so as to extend from the opening toward the bot- 
tom portion. The ink leader is provided as a valley line defined as an intersection of the slopes. The ink discharge port 
is formed on a part of the valley line. 
15 [0038] In this case, preferably, the opening is formed into a rectangular shape. The valley line extending in a longi- 
tudinal direction of the rectangular opening. 
[0039] Preferably, a groove is formed along the valley line. 

[0040] Alternatively, the ink leader is provided as a plurality of grooves fomned on the bottom portion of the internal 
space so as to extend toward the ink discharge port. 
20 [0041] In this case, preferably, the width of each groove is gradually narrowed toward the ink discharge port. 

[0042] Alternatively, the ink leader is provided as a plurality of protruded ribs formed on the bottom portion of the 
internal space so as to extend toward the ink discharge port. 

[0043] In this case, preferably, the width of each gap ds^^ned between the protruded ribs is gradually narrowed 
toward the ink discharge port. 
25 [0044] In the above cases, preferably, water-repellent treatment is applied to surfaces of the internal space. 
[0045] In the above cases, preferably, a method of discharging ink comprises the steps of: 

sealing the nozzle formation face with the capping unit; 

driving the negative pressure generator to suck ink from the nozzle orifice into the internal space of the capping 

30 unit; 

separating the capping unit from the nozzle formation face; and 

driving the negative pressure generator to discharge the sucked ink from the ink discharge port such that the dis- 
charging speed is controlled such an extent that no suction vortex appears in the sucked ink. 

35 [0046] According to the above configurations, the ink sucked into the capping unit is promptly led to the ink dis- 
charge port by the ink leader presenting capillary action without remaining in the capping unit. 

[0047] Therefore, accumulating and gradually leaving the above-mentioned humectant contained in ink in the cap- 
ping unit at high density can be suppressed and a problem of absorbing and hardening the ink solvent (water content) 
in the nozzle orifices of the recording head can be circumvented. 
40 [0048] In this case, ink discharged from the nozzle orifices can be led more smoothly to the ink discharge port by 
applying water-repellent treatment to the inner face of the capping unit as described above. 

[0049] To use the ink discharge method in combination, ink is discharged from the capping unit at low suction speed 
to such an extent that a suction vortex is not formed on an ink surface above the ink discharge port, thus the liquid level 
of the ink in the capping unit is uniformly lowered and a little ink last left is also pulled into the ink discharge port by the 
45 action of the surface tension and the probability of leaving ink in the capping unit can be decreased drastically. 

[0050] In order to accomplish the second object more perfectly in addition to the first object, according to the inven- 
tion, a method of discharging ink comprises the steps of: 

sealing the nozzle formation face with the capping unit; 
50 driving the negative pressure generator to suck a first amount of ink from the nozzle orifice into the internal space 
of the capping unit; 

separating the capping unit from the nozzle formation face; 

driving the negative pressure generator to discharge the sucked ink from the internal space of the capping unit; 
sealing again the nozzle formation face with the capping unit; and 
55 driving the negative pressure generator to suck a second amount of ink, which is smaller than the first amount, from 
the nozzle orifice in order to restore a meniscus of ink in each of the nozzle orifices. 

[0051] In orderto execute the above method, the Inkjet recording apparatus further comprises a controller for caus- 
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jng the negative pressure generator to apply the negative pressure to the ink discharge port in order to: 

(1) suck a first amount of inl< from the nozzle orifices when the capping unit seals the nozzle formation face; 

(2) suck a second amount of inks which is smaller than the first amount, from the nozzle orifices when the capping 
5 unit seals the nozzle formation face; and 

(3) suck ink remained in the internal space when the capping unit is apart from the nozzle formation face. 

[0052] Preferably, the capping unit is separated from the nozzle fomiation face in an unparallel attitude with respect 
to the nozzle formation face in accordance with a predetermined movement of the recording head. The ink discharge 
10 port is placed at an end portion of the bottom portion of the internal space which is closer to the nozzle formation face 
when the capping unit starts to be separated from the nozzle formation face. 

[0053] Alternatively, the capping unit is separated from the nozzle formation face in a parallel attitude with respect 
to the nozzle formation face in accordance with a predetermined movement of the recording head. A pair of ink dis- 
charge ports are placed at both end portions of the bottom portion of the internal space. 
15 [0054] Alternatively, the ink jet recording apparatus further comprises a projection for breaking bubbles appearing 
due to surface tension of an ink solvent. 

[0055] In this case, preferably, the opening of the capping unit is formed into a rectangular shape. A pair of slopes 
are formed in the internal space so as to extend from the opening toward the bottom portion such that a valley line 
defined as an intersection of the slopes extends in a longitudinal direction of the rectangular opening. The projection is 

20 formed on each of the slopes. 

[0056] In the above cases, preferably, an ink composition of the ink contains 0.2-1 .5 wf^o of a surfactant. 
[0057] According to the above configurations, ink is sucked from the nozzle orifices of the recording head by exe- 
cuting the cleaning operation, then ink in the capping unit is discharged by the idle suction operation. Then, again the 
small suction operation of ink from the recording head is executed. 

25 [0058] Therefore, a large bubble shaped like a so-called soup bubble appears by the surface tension of ink dis- 
charged by the initial suction operation When capping is again executed, a meniscus of ink in the nozzle orifice is 
destroyed accordingly, but can be restored to the former state by later executing the small suction operation of ink. 
[0059] In the executed small suction operation of ink, the remaining ink amount In the capping unit Is only a little - 
and therefore the degree of again generating a large bubble shaped like a soup bubble can be lessened extremely. 

30 [0060] In the recording apparatus wherein the capping unit is brought out of contact with the nozzle formation face 
In the unparallel attitude with the nozzle formation face of the recording head, according to the above- described config- 
uration, air in a large bubble shaped like a soup bubble can be positively discharged by executing the suction operation. 
[0061 ] Thus, the soup bubble is shrunk and occurrence of a print failure caused by the large bubble can be avoided. 
[0062] Also in the recording apparatus wherein the capping unit is brought out of contact with the nozzle formation 

35 face in an almost parallel attitude with the nozzle formation face of the recording head, according to the above- 
described configuration, air in a large bubble shaped like a soup bubble can be positively discharged by executing the 
suction operation. Thus, the soup bubble is shrunk and occurrence of a print failure caused by the large bubble can be 
avoided. 

[0063] Further, also in the recording apparatus wherein a projection is formed in the capping unit, a large bubble 
40 appearing by the surface tension of an ink solvent can be made to disappear or hard to occur in the presence of the 
projection, and occurrence of a print failure can be avoided. 

[0064] In a case where predetermined amount of a surfactant is contained in the ink composition used with the 
recording apparatus, the degree of generating a large bubble shaped like a soup bubble can be decreased, and occur- 
rence of a print failure can be avoided more efficiently with the synergistic effect with the effect of the above described 
45 configurations. 

[0065] According to the present invention, there also may be adopted a configuration that the capping unit includes 
a holder member which defines at least the opening and the bottom portion of the internal space thereof, and a seal 
member held by the opening, which Is to be abutted against the nozzle formation face. 

[0066] In this case, preferably, the holder member and the seal member are made of materials different with each 
50 other. 

[0067] Preferably, the holder member Is made of a synthetic resin material, and the seal member Is made of a rub- 
ber material. 

[0068] Alternatively, the holder member includes an inner shell portion which defines the internal space and an 
outer shell portion integrally formed with the inner shell portion so as to surround the inner shell portion. The seal mem- 
55 ber is formed between the inner shell portion and the outer shell portion integrally therewith. 

[0069] In the above cases, preferably, an Interior angle between the slopes is 160 degrees or less. 
[0070] Alternatively, a cross section of the slopes is curved. 

[0071] In the above cases, a surface roughness of the bottom portion of the internal space Is 25nm or less. 
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[0072] Acxjording to the above configurations, ink sucked into the capping unit is smoothly led to the ink discharge 
port by the ink leader presenting capillary action without remaining in the capping unit. 

[0073] Therefore, accumulating and gradually leaving the above-mentioned humectant contained in ink in the cap- 
ping unit at high density can be avoided and a problem of absorbing and hardening the Ink solvent (water content) in 

5 the nozzle orifices of the recording head can be circumvented. 

[0074] In this case, ink discharged from the nozzle orifices can be led more smoothly to the ink discharge port by 
applying water-repellent treatment to the inner face of the capping unit as described above and the inner bottom face 
of the capping unit has surface roughness set within the above-mentioned numeric value, whereby the remaining 
degree of ink on the inner bottom face of the capping unit can be furthermore decreased. 

10 [0075] Thus, if the interior angle formed by the pair of slopes inclined from the opening of the capping unit to the 
bottom of the internal space of the capping unit is made comparatively large, the remaining degree of ink on the inner 
bottom face of the capping unit can be decreased, so that the outer dimensions of the capping unit, particularly the 
dimension in the height direction can be lessened. 

[0076] Since the dimension from the opening of the capping unit to the bottom of the internal space is also lessened 
15 accordingly, the degree of separating ink into minute drops and changing to fog (ink mist) in the flushing operation of 
idly jetting ink toward the capping unit can be decreased. 

[0077] Therefore, the subsidiary effect of making it possible to decrease occurrence of contamination caused by 
occurrence of the ink mist can also be expected. 

[0078] On the other hand, since the holder member and the seal member are made of different materials, occur- 
20 rence of bubbles caused by the surface tension of ink can be decreased because they differ in interfacial state, and the 
degree of occurrence of a print failure caused by occurrence of a bubble can be decreased. 

[0079] According to the present invention, there also may be adopted a configuration that the ink leader includes a 
slope continuously extending from the opening to the ink discharge port, and a liquid retainer fomried on a communica- 
tion path between the ink discharge port and the negative pressure generator. 
25 [0080] In this case, preferably the liquid retainer is provided as a plurality of ribs protruded from an inner face of the 
communication path. 

[0081] Alternatively, the liquid retainer is provided as a plurality of grooves formed on an inner face of the commu- 
nication path. 

[0082] Alternatively, the liquid retainer is provided as a liquid absorbing member provided at a connecting portion 
30 of the ink discharge port and the communication path. 

[0083] Alternatively, the liquid retainer is provided as a plurality of thin tubes formed in the communication path so 
as to extend therealong. 

[0084] In the above cases, preferably, water-repel lant treatment is applied to the slope formed in the capping unit 
and hydrophilic treatment is applied to the liquid retainer. 
35 [0085] According to the above configurations, ink sucked from the nozzle orifices flows into the ink discharge port 
along the smooth slope without accumulating. 

[0086] When the suction operation is performed by the negative pressure generator. Ink is discharged to the outside 
without being left by the liquid retainer placed in the communication path between the negative pressure generator and 

the ink discharge port. 

40 [0087] Therefore, the problem of accumulating the above-mentioned humectant contained in ink in the internal 
space of the capping unit at high density can be solved. 

[0088] Since the liquid retainer placed in the communication path holds ink jetted from the recording head just 
before the capping time, the water content contained in the ink can maintain the internal space of the capping unit at 
high humidity and efficiently suppress evaporation of ink in the nozzle orifices. 
45 [0089] In this case, the water-repellent treatment is applied to the slope formed from the opening in the capping unit 
to the ink discharge port, whereby ink jetted from the nozzle orifices can be smoothly led from the slope to the ink dis- 
charge port. 

[0090] The hydrophilic treatment is applied to the liquid retainer placed In the pipe line communicating with the neg- 
ative pressure generator from the ink discharge port, whereby the ink holding effect of the liquid retainer by the capillary 

50 action can be more increased. 

[0091] That is. to suck and discharge ink from the recording head in the cleaning operation, ink in the capping unit 
can be discharged reliably. If the flushing operation of applying a drive signal not involved in print to the recording head 
for idly jetting ink drops to the inside of the capping unit is executed, ink replenished by the flushing operation can be 
held in the liquid retainer and the water content contained in the ink jetted by the flushing operation can maintain the 

55 internal space of the capping unit at high humidity. 
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BRIEF DESCRfPTiON OF THE DRAWINGS 
[0092] In the accompanying drawings: 

5 Fig. 1 is a perspective view to show the basic configuration of a recording apparatus nnain body incorporating the 

invention; 

Fig. 2 is a schematic drawing to show a schematic configuration of an elevator of a capping unit installed in the 
recording apparatus shown in Fig. 1 : 

Fig. 3 is a longitudinal sectional view to show a capping unit placed in the recording apparatus according to a first 
10 embodiment of the invention; 

Fig. 4 is a plan view of the capping unit shown in Fig. 3; 

Fig. 5 is a plan view to show a capping unit placed according to a second embodiment of the invention; 
Fig. 6 is a sectional view taken on line C-C in arrow direction in Rg. 5; 

Fig. 7 is a longitudinal sectional view to show a capping unit according to a third embodiment of the invention: 
15 Fig. 8 is a plan view of the capping unit shown in Fig. 7; 

Fig. 9 is a sectional view taken on line D-D in arrow direction in Fig. 8; 

Fig. 10 is a sectional view to schematically show a preferred method of discharging ink from the capping unit 
according to the first to third embodiments; 

Fig. 1 1 is a flowchart to show preferred cleaning operation executed in a recording apparatus according to a fourth 
20 embodiment of the invention; 

Fig. 12 is a longitudinal sectional view to show a capping unit according to the fourth embodiment of the invention: 
Fig. 13 is a plan view of the capping unit shown in Fig. 12; 

Fig. 14 is a longitudinal sectional view to show a capping unit according to a fifth embodiment of the invention; 
Fig. 15 is a plan view of the capping unit shown in Fig. 14; 
25 Fig. 1 6 is a longitudinal sectional view to show a capping unit according to a sixth embodiment of the invention; 

Fig. 1 7 is a plan view of the capping unit shown in Fig. 16; 

Fig. 1 8 is a plan view to show a capping unit according to a seventh embodiment of the invention; 
Fig. 19 is a sectional view taken on line E-E in arrow direction shown in Fig. 18; 
Fig. 20 is a sectional view taken on line F-F in arrow direction shown in Fig. 1 8; 
30 Fig. 21 is a plan view to show a capping unit according to an eighth embodiment of the invention; 

Fig. 22 is a sectional view taken on line G-G in arrow direction shown in Fig. 21 ; 

Fig. 23 is a longitudinal sectional view to show a capping unit according to a ninth embodiment of the invention; 
Fig 24 is a longitudinal sectional view to show a capping unit according to a tenth embodiment of the invention; 
Fig. 25 is a perspective view to show a capping unit according to an eleventh embodiment of the invention; 
35 Fig. 26 is a longitudinal sectional view of the capping unit shown in Fig. 25; 

Fig. 27 is a plan view of the capping unit shown in Fig. 25; 

Fig. 28 is an enlarged sectional view taken on line H-H in arrow direction in Fig. 26; 

Fig. 29 Is a partially enlarged sectional view to show a capping unit according to a twelfth embodiment of the inven- 
tion; 

40 Fig. 30 is a longitudinal sectional view to show a capping unit according to a thirteenth embodiment of the invention; 

Fig. 31 is a longitudinal sectional view to show a capping unit according to a fourteenth embodiment of the inven- 
tion; 

Fig. 32 is an enlarged sectional view taken on line l-l in arrow direction in Fig: 31 ; 
Fig. 33 is a longitudinal sectional view to show a capped state of a recording head; 
45 Fig. 34 is a longitudinal sectional view to show a state in which sealing is slightly released from the capped state 

shown in Fig. 33; 

Fig. 35 is a longitudinal sectional view to show a state in which further a capping unit is moved down from the state 
shown in Fig. 34; and 

Fig. 36 is a longitudinal sectional view to show a state in which further the recording head is moved to the side of a 
so print area from the state shown in Fig. 35. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0093] Referring now to the accompanying drawings, there are shown prefen-ed embodiments of ink jet recording 
55 apparatus according to the invention. 

[0094] Fig. 1 is a perspective view to show the basic configuration of a recording apparatus main body incorporating 
the invention. In Fig. 1 , numeral 1 denotes a carriage. The carriage 1 is guided by a guide member 4 via a timing belt 3 
driven by a can-iage motor 2 and is reciprocated in the axial direction of a platen 5, 
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[0095] An ink jet recording head (described later) is mounted on the lower side of the carriage 1 facing recording 
paper 6 and a black ink cartridge 7 and a color ink cartridge 8 for supplying ink to the recording head are detachably 
placed on the top of the carriage 1 . 

[0096] Numeral 9 denotes a capping unit placed in a non-print area (home position). When the recording head 
5 moves just above the capping unit 9, the capping unit 9 can advance above for sealing the nozzle formation face of the 
recording head. Placed below the capping unit 9 is a suction pump 10 as a negative pressure generator for giving neg- 
ative pressure to the internal space of the capping unit 9. 

[0097] The capping unit 9 serves as a lid for sealing the nozzle formation face of the recording head for suppressing 
evaporation of an ink solvent from nozzle orifices during quiescent operation of the recording apparatus, serves as an 
10 Ink receptacle at the flushing operation time of applying a drive signal not involved in print to the recording head for idly 
jetting ink drops, and also performs the operation of a cleaning function of applying negative pressure from the suction 
pump 10 to the recording head for sucking and discharging ink. 

[0098] As shown in Fig. 1, a wiping member 1 1 made of an elastic plate of a rubber material, etc., is placed in a 
print area adjacent to the capping unit 9. When the carriage 1 is moved to the capping unit 9 side, the wiping member 

15 11 performs the wiping operation of wiping out and cleaning the nozzle formation face of the recording head. 

[0099] Fig. 2 is a schematic drawing to show an example of an elevator mechanism of the capping unit 9 with a 
move of the carriage 1. In the figure, numeral 1 denotes the above-mentioned carriage, and a recording head 12 is 
mounted on the lower side of the carriage 1 . A projection la is placed at the front end part in the advance direction of 
the carriage 1 to the home position. 

20 [0100] On the other hand, the capping unit 9 comprises a slider 9c that can be moved up and down with a circular 
arc path via a link arm 9b relative to a base 9a, and a cap member 9d of a rubber material, etc., having an end face 
formed almost like a square is placed on the top of a holder (described later) housed in the slider 9c. 
[0101] A stopper 9e is placed on the top of the slider 9c. against which the projection la on the carriage is to be 
abutted. 

25 [0102] The link arm 9b is journaled by a support shaft 9f on the base 9a side and the slider 9c is journaled by a 
support shaft 9g on the free end side of the link arm 9b. Further, a protrusion 9h is formed on the lower side of an end 
part of the slider 9c and is slid along a slope 91 formed on the base 9a. 

[0103] Therefore, if the carriage 1 is moved to the home position, namely, in the arrow A direction, the projection 1 a 
on the carriage 1 abuts against the stopper 9e on the capping unit 9, and the carriage 1 is furthermore advanced in the 

30 arrow A direction, whereby the link arm 9b supporting the slider 9c is rotated in the arrow B direction. The projection 9h 
formed on the lower side of the end part of the slider 9c is slid along the slope 9i formed on the base 9a. 
[0104] Thus, the slider 9c is moved to the top while it holds the almost horizontal attitude as the carriage 1 is 
advanced, whereby a nozzle formation face 1 2a of the recording head 1 2 is sealed with the cap member 9d placed on 
the slider 9c and is placed in a capped state. 

35 [0105] In the capped state, the carriage 1 is locked by a carriage lock mechanism (not shown) and the capped state 
is maintained. To start the print operation, the carriage lock mechanism is canceled and the carriage 1 is moved in an 
opposite direction to the arrow A direction by the carriage motor 2, so that the slider 9c is moved down by the action of 
a return spring (not shown), 

[0106] Figs. 3 and 4 show a capping unit placed in the recording apparatus according to a first embodiment of the 
40 invention. Fig. 3 is a longitudinal sectional view of the capping unit and Fig. 4 is a plan view of the capping unit from the 
top face. 

[0107] The capping unit 9 is made up of a holder 21 formed almost like a rectangular parallelepiped and a cap 
member 22 of a rubber material, etc., having an end face formed almost like a square, the cap member 22 being placed 
on the top face of the holder 21 . 
45 [0108] The cap member 22 is attached to the holder 21 in a state in which it is buried along the margins of the top 
face of the holder 21 as shown in Fig. 3. The cap member 22 is identical with the cap member 9d previously described 
with reference to Fig. 2. 

[0109] The cap member 22 forms an opening for sealing the nozzle formation face 12 of the recording head 12. 
[0110] The holder 21 is molded of a synthetic resin, for example, and is formed with an internal space 23 and 
50 formed in a bottom with an ink discharge port 24 as shown in Fig. 3. 

[01 11] On the bottom face of the holder 21 formed with the ink discharge port 24, a suction pipe 25 is molded inte- 
grally with the holder 21 and the ink discharge port 24 is made to communicate with a pipe line 25a formed in the suc- 
tion pipe 25. 

[0112] A tube 26 is connected to a lower end part of the suction pipe 25 and is connected to the suction pump 10 
55 provided as a negative pressure generator. 

[0113] As shown in Fig. 4, the capping unit 9 is formed with an opening like a rectangle and a pair of slopes 27a 

and 27b inclined from the opening to the bottom along the long side direction of the rectangle. 

[0114] A part of a valley line 28 which is shaped like V in cross section, formed by the pair of slopes 27a and 27b 
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which cross each other touches the ink discharge port 24. 

[0115] The valley line 28 fomned by the pair of slopes 27a and 27b provides an ink leader for giving capillary action 
to ink remaining along the valley line 28, whereby the ink remaining along the valley line 28 Is led toward the ink dis- 
charge port 24 contacting the valley line 28. 

5 [01 1 6] Preferably, water-repellent treatment is applied to the inner faces of the capping unit 9, particularly, the pair 
of slopes 27a and 27b. By applying water-repellent treatment to the slopes 27a and 27b, if ink is discharged by the cap- 
ping unit 9 as described later, it does not stick to the slope 27a, 27b to which water-repellent treatment is applied, and 
smoothly moves to the valley line 28 fomning the ink leader as the ink is made spherical by the surface tension. 
[0117] In order to apply the water-repellent treatment, a high water-repellent material may be used for the material 

10 of the holder 21 , or a post-treatment, for example, with a fluorine-containing polymer, may be conducted particularly for 
the slopes 27a and 27b of the holder 21 . 

[0118] To use a high water-repellent material as the material of the holder 21, the water repellency can be main- 
tained good by using a high polymer resin such as polypropylene or polyacetal. 

[0119] To conduct post-treatment with a fluorine-containing polymer, a fluorine-containing polymer such as poly- 
15 diper fluoroalkyi fumarate, Teflon AF (trademark of E.I. Du Pont de Nemours & Company), or Cytop (trademark of Asahi 
Glass Co., Ltd.). or an alternating copolymer of fluorine-containing ethylene and hydrocarbon family ethylene such as 
an alternating copolymer of polydiper fluoroalkyi fumarate and styrene. an alternating copolymer of trifluoroethylene 
chloride and vinyl ether, or an alternating copolymer of tetrafluoroethylene chloride and vinyl ester, or an analog or a 
derivative, Fumalite (trademark of NOP Corporation) can be used preferably. As a specific example, to use the Cytop, 
20 the holder 21 is immersed in a 3% solution of Cytop CTX-100A and is pulled up, then is dried for about one hour, for 
example, in an atmosphere at 90°C, whereby a water-repellant layer can be formed on a surface of the holder 21 . 
[0120] It is also effective to apply water-repellent treatment to the cap member 22. In this case, as the material of 
the cap member 22, silicone rubber, fluoride rubber, eiastomeric material, or fluoride-family or silicone-family water 
repellency agent fine powder can be contained in a base rubber material and formed. 
25 [0121] Further, an appropriate one of the fluorine-containing polymers is selected and the cap member 22 formed 
of rubber material is dip coated in a similar manner (immersed and pulled up), then is dried in an atmosphere at a pre- 
detemiined temperature, whereby water-repellent treatment can be applied. 

[0122] In the described configuration, if the cleaning operation is executed by sealing the nozzle formation face of 
the recording head with the capping unit 9 and applying negative pressure, ink sucked and discharged by the negative 
30 pressure from the recording head is stored in the internal space of the capping unit 9 and in this state, the capped state 
of the nozzle formation face of the recording head is released. 

[0123] The suction pump is again driven, whereby the ink stored in the capping unit 9 is discharged through the ink 
discharge port At this time, water-repellent treatment is applied to the slopes 27a and 27b formed in the capping unit 
9, so that ink less remaining because of discharging enters the valley line 28 placed in the gravity direction as the ink is 
35 made spherical by the surface tension. 

[0124] The ink entering the valley line 28 is led toward the ink discharge port 24 by capillary action occurring on the 
valley line 28 and is discharged by the suction operation of the suction pump. 

[0125] Consequently, Ink drops scarcely remain in the capping unit and Ink Is discharged through the ink discharge 
port 24, whereby the problem of accumulating the humectant contained in the ink at a high density in the capping unit 
40 with the passage of time can be circumvented. 

[0126] Therefore, the ink in the nozzle orifices of the recording head in the capped state does not receive the effect 
of the remaining humectant and the degree to an increase in viscosity of ink or hardening of ink can be decreased effi- 
ciently. 

[0127] Next, Figs. 5 and 6 show a second embodiment of a capping unit placed in the recording apparatus. 
45 [0128] Fig. 5 is a plan view of the capping unit from the top face thereof and Fig. 6 is a sectional view taken on line 
C-C in an-ow direction in Fig. 5. Parts identical with or similar to those previously described with reference to Figs. 3 and 
4 are denoted by the same reference numerals in Figs. 5 and 6. 

[0129] The capping unit 9 in the second embodiment is similar to that in the first embodiment except that the valley 
line 28 shaped like V in cross section shown in Fig. 4 is hollowed to make a rectangular groove 30. 
50 [0130] The groove 30 is made, whereby the capillary action on ink entering the groove 30 can be promoted and the 
effect of leading ink remaining in the capping unit toward the ink discharge port 24 can be enhanced effectively. 
[0131] The groove 30 shown in Figs. 5 and 6 is formed like a rectangle in cross section, but the cross-sectional form 
of the groove 30 is not limited thereto. 

[0132] In the capping unit in the embodiment shown in Fig. 6, inner angle e of the valley line 28 shaped like V in 
55 cross section by a pair of slopes 27a and 27b is made 1 60 degrees or less, preferably 120 degrees or less. That is, each 
slope 27a and 27b is formed having an inclination angle of 10 degrees or more, preferably 30 degrees or more with 
respect to the horizontal direction. 

[0133] As shown in Figs. 5 and 6, in the capping unit having an opening formed like a rectangle, preferably the 
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slopes 27a and 27b are formed along the long side direction of the rectangle. In other words, the slopes 27a and 27b 
form the V shape in cross section in the short side direction as shown in Fig. 6. 

[0134] According to the structure, while the inner angle e of the valley line 28 shaped like V in cross section by the 
pair of slopes 27a and 27b is set to a predetermined angle, the dimension of a holder 21 in the height direction thereof 
can be decreased, contributing to miniaturization of the recording apparatus. 

[0135] The range of the inner angle 6 and the preferred placement direction of the slopes 27a and 27b in the cap- 
ping unit formed like a rectangle are also applied to the capping unit of the first embodiment previously described with 
reference to Figs. 3 and 4. 

[0136] Next, Figs. 7 to 9 show a third embodiment of a capping unit placed in the recording apparatus. 

[0137] Fig. 7 is a longitudinal sectional view of the capping unit, Fig. 8 is a plan view of the capping unit from the 

top face thereof, and Fig. 9 is a sectional view taken on line D-D in arrow direction in Fig. 8. Parts identical with or similar 

to those previously described with reference to Figs. 3 and 4 are denoted by the same reference numerals in Figs. 7 to 

9. 

[0138] In the third embodiment, as seen in Figs. 7 and 9. an Inner bottom 32 of the capping unit 9 is planarly formed 
and a plurality of grooves 33 as an ink leader are placed in the planar inner bottom 32 so as to form a radial pattern 
toward an ink discharge port 24 as shown in Fig. 8. 

[0139] The width of each groove 33 is nan-owed gradually toward the ink discharge port 24. 

[0140] ^ According to the structure, ink attempting to remain on the inner bottom 32 of the capping unit 9 enters any 
of the grooves 32 and is led to the ink discharge port 24 along the groove 33. 

[0141] Since the width of each groove 33 is narrowed gradually, toward the ink discharge port 24 as described 
above, the capillary action on the ink entering the groove 33 can be promoted and the effect of leading ink remaining in 
the capping unit toward the ink discharge port 24 can be enhanced effectively. 

[0142] In the third embodiment, a plurality of grooves 33 are made towarcl the ink discharge port 24. but a plurality 
of projection ribs 33 may be formed toward the ink discharge port 24 in place of the grooves. 

[0143] According to the structure, capillary action occurs in a gap formed by the adjacent projection ribs 33 and ink 
is led to the ink discharge port 24 along the gap. 

[0144] Likewise, the spacing between the gaps formed by the projection ribs 33 is narrowed gradually toward the 
ink discharge port 24, whereby the capillary action on the ink entering the gap between the projection ribs 33 can be 
promoted and the effect of leading ink remaining in the capping unit toward the ink discharge port 24 can be enhanced 

effectively. 

[0145] Fig. 10 shows a preferred form of an ink discharge method from the capping unit, executed after negative 
pressure is applied for sucking and discharging ink from the recording head when the described a capping unit is used. 
Parts identical with or similar to those previously described with reference to the figures are denoted by the same ref- 
erence numerals in Fig. 10. 

[0146] Fig. 10 shows a state in which the capped state of the nozzle formation face of the recording head is 
released in a state in which ink discharged from the recording head is stored in the internal space of the capping unit 
and subsequently the ink is sucked from the ink discharge port made in the capping unit to the suction pump side by 
driving the suction pump. 

[0147] In this case, it turns out that if the ink is sucked at comparatively high speed by the suction pump, a suction 
vortex lb is formed on the ink surface above the ink discharge port 24. 

[0148] That is, since the ink suction speed is fast, the liquid level of the ink is broken like a funnel and some air is 
sucked from the ink discharge port 24, as shown in Fig. 10. 

[0149] If the ink is discharged in the fomn, a phenomenon is found out in which when the remaining amount of ink 
in the capping unit becomes small, the ink flow in the direction of the ink discharge port 24 is cut off and ink drops are 
left like several islands. 

[0150] On the other hand, it turned out that if the suction pump is driven at low suction speed to such an extent that 
the suction vortex lb is not formed on the ink surface, liquid level 1a of the ink stored in the capping unit 9 lowers uni- 
formly and when the remaining amount of ink in the capping unit becomes small, the remaining ink is also led toward 
the ink discharge port 24 as it is dragged by the ink flow toward the ink discharge port 24. 

[0151] Consequently, it turned out that the phenomenon in which ink drops are left like several Islands in the cap- 
ping unit does not occur and that the ink is discharged so that the remaining amount becomes zero or so. Therefore, 
the described a capping unit is adopted and further the described ink discharge method is also adopted together, 
whereby the remaining amount of ink in the capping unit can be decreased extremely. 

[0152] In the capping unit used in the recording apparatus according to the above embodiments, a comparatively 
large bubble shaped like a so-called soup bubble appears in the capping unit by the surface tension of an ink solvent 
because an ink absorption material is removed. 

[0153] The recording apparatus according to the fourth embodiment of the invention is intended for avoiding occur- 
rence of a print failure caused by the bubble, whereby an ink jet recording apparatus that can ensure reliability of print 
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of a recording head can be provided like the recording apparatus in the first aspect of the invention. 
[0154] Fig. 1 1 shows a controller that can avoid a print failure of a print head even if a comparatively large bubble 
shaped like a soup bubble appears, and shows a recording head cleaning sequence executed by the controller. 
[0155] That is, upon reception of a cleaning command, the controller executes the wiping operation of moving car- 
5 riage 1 shown in Fig. 1 and wiping out the nozzle formation face of a recording head 12 mounted on the carriage 1 by 
a wiping member 1 1 at step S1 1 . 

[0156] The wiping operation at step S1 1 is performed to enhance adhesion of the nozzle formation face to a cap 
member in processing of forcibly sucking and discharging ink from the recording head by a capping unit 9 following the 
wiping operation. 

10 [0157] Subsequently, at step S12, the recording head 12 is moved to the top of the capping unit 9 and the nozzle 
formation face of the recording head 1 2 is sealed with the capping unit 9 accordingly. A suction pump 1 0 is driven for a 
predetermined time, whereby the operation of substantial suction of sucking and discharging a comparatively large 
amount of ink from the recording head 12 is executed. 

[0158] Next, at step S13, a wait is made for a predetermined time and meanwhile ink is discharged into the capping 
75 unit 9 and the negative pressure in the capping unit 9 approaches atmospheric pressure accordingly. 

[0159] At step S14, the carriage 1 is moved to the print area and the capping unit 9 is moved down accordingly, 
whereby the seal state of the nozzle formation face of the recording head 1 2 is released. At this time, a large bubble Bu 
shaped like a soup bubble appears in the capping unit 9 as shown in Rg. 36. 

[0160] The suction pump 1 0 is again driven, whereby idle suction is executed for discharging the ink discharged into 
20 the capping unit 9. At this time, if an ink discharge port 24 is positioned in the bubble Bu, the bubble Bu is not shrunk 
and is left. 

[0161] The carriage 1 is again moved to the home position and the recording head 12 is sealed with the capping 
unit 9. At this time, the following problem occurs: The bubble Bu generated in the capping unit 9 disappears and an ink 
meniscus formed in a nozzle orifice is destroyed. 
25 [0162] However, at step SI 5, the operation of sucking a small amount of ink from the recording head 12 is exe- 
cuted, whereby the destroyed meniscus is restored to the former state. 

[0163] At step SI 6, a wait is made for a predetermined time and meanwhile ink is discharged into the capping unit 
9 and the negative pressure in the capping unit 9 is canceled. 

[0164] At step SI 7, the idle suction operation is again executed; at this time, the remaining amount of ink in the cap- 
. 30 ping unit 9 is extremely small and therefore the degree of occurrence of another large bubble Bu is extremely low. 

[0165] At step SI 8, the recording head 1 2 passes through the top of the wiping member 1 1 and undergoes the wip- 
ing operation of the wiping member 1 1 and ink deposited on the nozzle formation face is removed by the wiping oper- 
ation. 

[0166] Subsequently, at step S1 9, a smalt amount of ink is again sucked from the recording head 1 2 by the capping 

35 unit 9. 

[0167] Likewise, at steps S20 and S21 , the wait operation and the idle suction operation are executed and at step 
822, the recording head 1 2 passes through the top of the wiping member 1 1 and undergoes the finish wiping operation. 
At step S23, the recording head 12 is sealed with the capping unit 9 and the cleaning sequence is now complete. 
[0168] As seen from the control sequence described with reference to Fig. 11, a large bubble appearing after a 
40 large amount of ink is sucked is destroyed by the capping unit 9 and a meniscus destroyed as the bubble is destroyed 
can be restored to the former state by executing the following operation of sucking a small amount of ink, so that occur- 
rence of a print failure of the recording head can be avoided effectively. 

[0169] Next, Figs. 12 and 13 show a capping unit according to the embodiment wherein if a comparatively large 
bubble shaped like a soup bubble appears, it is sucked, whereby the bubble can be shrunk or extinguished for avoiding 
45 a print failure. Fig. 12 is a longitudinal sectional view of the capping unit and Fig. 13 is a plan view of the capping unit. 
Parts identical with or similar to those previously described with reference to the figures are denoted by the same ref- 
erence numerals in Figs. 12 and 13. 

[0170] As previously described with reference to Figs. 33 to 36, the capping unit 9 shown in Figs. 12 and 13 is used 
for a recording apparatus wherein a capping unit is brought out of contact with the nozzle formation face in an unparallel 
50 state therewith, whereby the following unique advantages can be provided: 

[0171] In the structure of the capping unit 9 shown in Figs. 12 and 13 as compared with the structure previously 
described with reference to Figs. 5 to 7. an ink discharge port 24 is formed in an opposite position in the move direction 
of recording head, namely, fonned on the home position side. 

[0172] This capping unit 9 is adopted in the structure previously described with reference to Figs. 33 to 36, whereby 
55 the ink discharge port 24 is placed at a position corresponding to an end part where the spacing between the nozzle 
formation face and the capping unit 9 is narrower when sealing of the nozzle formation face is released. 
[0173] Therefore, the ink discharge port 24 is placed just below a large bubble Bu left in the capping unit 9 as shown 
in Fig. 36, and the bubble Bu can be reliably extinguished or shrunk by driving a suction pump. 
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[0174] Thus, the degree of occurrence of a print failure caused by the large bubble Bu appearing in the capping unit 
9 can be decreased drastically. 

[0175] Next, Figs. 1 4 and 1 5 show a capping unit according to a fifth embodinnent of the invention. Fig. 1 4 is a lon- 
gitudinal sectional view of the capping unit and Fig. 1 5 is a plan view of the capping unit. Parts identical with or similar 
5 to those previously described with reference to the figures are denoted by the same reference numerals in Figs. 1 4 and 
15. 

[0176] As previously described with reference to Fig. 2, the capping unit 9 shown in Figs. 14 and 15 is used for a 
structure wherein a capping unit is brought out of contact with the nozzle formation face In an almost parallel state 
therewith, whereby the following unique advantages can be provided. 
10 [0177] In the structure of the capping unit 9 shown in Figs. 14 and 15, an Ink discharge port 24 is placed at both 
end parts of the capping unit 9 corresponding to the move direction of recording head. 

[0178] According to the structure previously described with reference to Fig. 2, the capping unit 9 is brought into or 
out of contact with the nozzle formation face of the recording head while it holds the almost horizontal attitude, thus the 
position of a bubble appearing when the capping unit 9 is brought out of contact with the nozzle formation face is not 
15 fixed to a specific position. The bubble may be dragged in the move direction of the recording head, namely, to the print 
area side and be generated at the position. 

[0179] To deal with the action, as shown in Figs. 14 and 15, each ink discharge port 24 is placed at both end parts 
of the capping unit 9 corresponding to the move direction of the recording head and these two ink discharge ports 24 
are sucked by a suction pump, whereby the bubble Bu can be extinguished or shrunk reliably 
20 [0180] Thus, the degree of occun-ence of a print failure caused by the large bubble Bu generated in the capping unit 
9 can be decreased drastically. 

[0181] Next, Figs. 16 and 1 7 show a capping unit according to a sixth embodiment of in the invention. 
[0182] Rg. 1 6 is a longitudinal sectional view of the capping unit and Fig. 1 7 is a plan view of the capping unit. Parts 
identical with or similar to those previously described with reference to the figures are denoted by the same reference 
25 numerals in Figs. 1 6 and 1 7. 

[0183] As compared with the capping unit 9 previously described with reference to Figs. 3 and 4, the capping unit 
9 shown in Figs. 16 and 17 comprises a projection 35 formed perpendicularly almost at the centers of the respective 
slopes 27a and 27b. 

[0184] According to the structure, the degree of extinguishing a comparatively large bubble left in the capping unit 
30 9 can be raised in the presence of the two projection parts 35. Thus, the degree of occurrence of a print failure caused 
by the large bubble Bu generated in the capping unit 9 can be decreased. 

[0185] It is also effective to adopt the projection part 35 for the embodiment previously described with reference to 
Figs. 12 and 13 or Figs. 14 and 15; in doing so, the degree of occun-ence of a print failure caused by a bubble can be 
decreased synergistically. 

35 [0186] The structures according to the fourth to sixth embodiments of the invention are Intended for providing coun- 
temneasures against generation of a comparatively large bubble like a soup bubble; it is also effective to consider an ink 
composition for making it possible to lower the bubble generation degree or naturally extinguish a bubble earlier. 
[0187] As a result of considering from such a viewpoint, an ink composition presenting a small bubble generation 
effect or a bubble extinguishing effect by containing 0.2%-1 .5% by weight of a surfactant in an ink composition using a 

40 pigment was found out. 

[0188] As the surfactant used with the ink composition, for example. Olefin STG (manufactured by Shin-Etsu Chem- 
ical Co., Ltd.) can be used preferably. 

[0189] Table 1 lists the preferred ink compositions. In the table, B, Y, M, and C denote black ink, yellow ink, magenta 
ink, and cyan ink respectively, and TEG-mBE denotes triethylene glycol monobutyl ether. 

45 



Table 1 



50 



55 





B 


Y 


M 


C 


CA. Direct Black 154 


4 








C.L Direct Yellow 132 




1.2 






C.I. Direct Yellow 86 




0.8 






C.I. Acid Red 289 






0.4 




C.I. Acid Red 52 






1.0 




C.I. Acid Blue 9 
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Table 1 (continued) 





B 


Y 


M 


C 


TEG-mBE 


10 


10 


10 


10 


Surphynol 465 


0.8 


0.8 


0,8 


0.8 


Diethylene Glycol 


7 


15 


17 


17 


Proxel XL-2 


0.3 


0.3 


0.3 


0.3 


Olefin STG 


1 


1 


1 


1 


Water 


76.9 


70.9 


69.5 


68.9 



[0190] Surfynol 465 (manufactured by Air Product and Chemicals, Inc. and distributed by Shin-Etsu Chemical Co.. 
15 Ltd.) is used and Proxel XL-2 (manufactured by ZENECA Limited) is used. The numeric values of the ink compositions 
are shown in wt%. 

[0191] As a result of an experiment, the fact was found out that if the content of Olefin STG as the surfactant is less 
than 0.2 wt%, the effect of decreasing the bubble generation effect or increasing the bubble extinguishing effect cannot 
be expected in practical use. 

20 [0192] If the content of Olefin STG exceeds 1.5 wt%. the image quality characteristic essentially required as ink 
was impaired. Specifically, osmosis was raised largely and thus oozing occurred on paper or mixing of adjacent inks 
(bleed) became conspicuous. 

[0193] As described above, ink containing 0.2%-1 .5% by weight of a surfactant in the ink composition is used in the 
recording apparatus according to the fourth to sixth embodiments of the invention, whereby the degree of occurrence 

25 of a large bubble like a soup bubble can be decreased and occurrence of a print failure can be avoided more effectively 
with the synergistic effect with the structure of the recording apparatus according to the fourth to sixth embodiments. 
[0194] As described above, in the ink jet recording apparatus according to the first to third embodiments of the 
invention, the ink discharge port communicating with the negative pressure generator is formed at the bottom of the 
internal space of the capping unit and the ink leader for producing the capillary action on ink discharged from the 

30 recording head and leading ink in the internal space to the ink discharge port is formed, so that the ink in the capping 
unit can be led to the ink discharge port by the capillary action and can be discharged Instantly by the negative pressure 
generator. 

[0195] In addition, when ink is discharged from the capping unit, the negative pressure generator is driven at low 
suction speed to such an extent that a suction vortex is not fonned on the ink surface above the ink discharge port, 
35 whereby the remaining amount of ink in the capping unit can be decreased, drastically, and the problem of accumulating 
the humectant contained in the ink solvent in the internal space of the capping unit can be circumvented even in long- 
term use. 

[0196] According to the ink jet recording apparatus according to the second aspect of the invention, the cleaning a 
controller for executing small suction operation following large suction operation can be used to effectively recover from 
40 a print failure caused by an ink bubble appearing in the capping unit. 

[0197] The placement position of the ink discharge port made in the capping unit is devised, whereby it is made 
possible to efficiently remove or shrink the above-mentioned bubble. 

[0198] In addition, the ink composition with a predetermined amount of surfactant added is used in the described 
recording apparatus, whereby occurrence of a print failure caused by an ink bubble can be avoided synergistically. 

45 [0199] Figs. 18 to 20 show an ink jet recording apparatus according to a seventh embodiment of the invention. 
[0200] Fig. 1 8 is a plan view of a capping unit from the top face thereof, Fig. 1 9 is a sectional view taken on line E- 
E in arrow direction in Fig 18, and Fig. 20 is a sectional view taken on line F-F in arrow direction in Fig. 18. 
[0201] The capping unit 9 is made up of a holder 21 formed almost like a rectangular parallelepiped and a cap 
member 22 of a rubber material (for example, elastomer), having an end face formed almost like a square, the cap 

50 member 22 being placed on the top face of the holder 21 . 

[0202] The cap member 22 is attached to the holder 21 in a state in which it is buried along the margins of the top 
face of the holder 21 as shown in Fig. 1 9. The cap member 22 is identical with the cap member 9d previously described 
with reference to Fig. 2. The cap member 22 forms an opening for sealing the nozzle formation face 1 2 of the recording 
head 1 2. 

55 [0203] The holder 21 is molded of a synthetic resin, for example, and is formed with an internal space 23 and at a 
bottom with an ink discharge port 24. 

[0204] On the bottom face of the holder 21 formed with the ink discharge port 24, a suction pipe 25 is molded inte- 
grally with the holder 21 and the ink discharge port 24 is made to communicate with a pipe line 25a formed in the suc- 
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tion pipe 25. 

[0205] A tube 26 is connected to a lower end part of the suction pipe 25 and is connected to the suction pump 10 
provided as a negative pressure generator, as shown in Fig. 19. An outer shell member 31 molded separately from the 
holder 21 is attached to the peripheral walls and bottom wall of the holder 21 , forming the capping unit 9. 
5 [0206] As shown in Fig. 18, the capping unit 9 is formed with an opening like a rectangle and a pair of slopes 27a 
and 27b inclined from the opening to the bottom along the long side direction of the rectangle. A part of a valley line 28 
which is shaped like V in cross section, formed by the pair of slopes 27a and 27b which cross each other contacts the 
ink discharge port 24. 

[0207] The valley line 28 formed by the pair of slopes 27a and 27b provides an ink leader for giving capillary action 
10 to ink remaining along the valley line 28, whereby the ink remaining along the valley line 28 is fed toward the ink dis- 
charge port 24. 

[0208] On the other hand, in the embodiment, preferably, as shown in Fig. 20, inner angle 6 formed by the pair of 
slopes 27a and 27b is made 160 degrees or less as large as possible. In other words, preferably each slope 27a and 
27b is formed having an inclination angle of 10 degrees or more with respect to the horizontal direction and is made 
15 close to a horizontal state as much as possible. 

[0209] Considering water-repellent treatment as described later, surface roughness, etc., even at the above-men- 
tioned inclination angle, ink can be made to smoothly flow toward the valley line 28 and a problem of some of ink 
remaining on the slope can also be solved. 

[0210] Moreover, in the capping unit having an opening fonned like a rectangle as in the embodiment, preferably 
20 the slopes 27a and 27b are formed along the long side direction of the rectangle. 

[0211] The structure is adopted and the inner angle 9 formed by the pair of slopes 27a and 27b is set as large as 
possible within the above-mentioned angle range, whereby the dimension of the holder 21 in the height direction thereof 
can be decreased, contributing to miniaturization of the recording apparatus. 

[0212] According to the structure, the dimension from the opening of the capping unit 9 to the bottom of the internal 
25 space 23 is also lessened, so that the degree of separating ink into minute drops and changing to fog (ink mist) in the 
flushing operation of idly jetting ink toward the capping unit 9 can be decreased and the effect of making it possible to 
decrease occurrence of contamination caused by occurrence of the ink mist can also be expected. 
[0213] Preferably, water-repellent treatment is applied to the inner bottom of the capping unit 9, particularly, the pair 
of slopes 27a and 27b. 

30 [0214] By applying water-repellent treatment to the slopes 27a and 27b, if ink is discharged by the capping unit 9 
as described later, it does not stick to the slope 27a, 27b to which water-repellent treatment is applied, and smoothly 
moves to the valley line 28 forming the ink leader as the ink is made spherical by the surface tension. 
[0215] As means for applying the water-repellent treatment, the means covered in the description of the recording 
apparatus according to the first to third embodiments can be used intact. It is also effective to apply water-repellent 

35 treatment to the cap member 22 as in the first to third embodiments. 

[0216] In the recording apparatus according to this embodiment, preferably mirror finish is applied to the pair of 
slopes 27a and 27b to which such water-repellent treatment is applied so that the surface roughness of the slope 27a, 
27b becomes within 25^m. Such surface treatment can be accomplished by applying mirror finish to the metal mold for 
molding the holder 21 . 

40 [0217] In the described structure, if the cleaning operation is executed by sealing the nozzle formation face of the 
recording head 1 2 with the capping unit 9 and applying negative pressure, ink sucked and discharged from the record- 
ing head 12 by the negative pressure is stored in the internal space 23 of the capping unit 9 and in this state, the capped 
state of the nozzle formation face of the recording head 12 is released. 

[021 8] The suction pump 1 0 as negative pressure means is again driven, whereby the ink stored in the capping unit 
45 9 is discharged through the ink discharge port 24. 

[0219] At this time, mirror finish and water-repellent treatment are applied to the slopes 27a and 27b formed in the 
capping unit 9 as described above, so that ink less remaining because of discharging enters the valley line 28 placed 
in the gravity direction as the ink Is made spherical by the surface tension. 

[0220] The ink entering the valley line 28 is led toward the ink discharge port 24 by capillary action occurring on the 
50 valley line 28 and is discharged by the suction operation of the suction pump 1 0. 

[0221] Consequently, ink drops scarcely remain in the capping unit 9 and ink is discharged through the Ink dis- 
charge port 24, whereby the problem of accumulating the humectant contained in the ink at a high density in the cap- 
ping unit with the passage of time can be circumvented. 

[0222] Therefore, the ink in the nozzle orifices of the recording head in the capped state does not receive the effect 
55 of the remaining humectant and the degree to an increase in viscosity of ink or hardening of ink can be decreased effi- 
ciently. 

[0223] In the embodiment, the holder 21 forming the inner bottom face of the capping unit 9 is molded of a synthetic 
resin and the seal member 22 capable of sealing the recording head is molded of a rubber material as described above 
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and therefore they differ in interfacial state because of the structure, so that occurrence of bubbles caused by the sur- 
face tension of ink can be decreased. 

[0224] Therefore, the degree of occurrence of a print failure such as missing dots caused by occurrence of a bubble 
can be decreased. Water-repellent treatment is applied to the inner face of the capping unit 9 as described above and 

5 further the surface roughness of the inner bottom face of the capping unit 9 is placed with the above-mentioned numeric 
value, whereby the bubble occurrence degree can also be decreased synergistically. 
[0225] Next, Figs. 21 and 22 show a capping unit according to an eighth embodiment of the invention. 
[0226] Fig. 21 is a plan view of the capping unit from the top face thereof and Fig. 22 is a sectional view tal<en on 
line G-G in an^ow direction in Fig. 21 . Parts identical with or similar to those previously described with reference to Figs. 

10 1 8 to 20 are denoted by the same reference numerals in Figs. 21 and 22. The capping unit 9 in the embodiment is sim- 
ilar to that In the seventh embodiment except that the valley line 28 shown in Fig. 20 is hollowed to make a rectangular 
groove 30. 

[0227] The groove 30 is made, whereby the capillary action on ink entering the groove 30 can be promoted and the 
effect of leading ink remaining in the capping unit 9 toward the ink discharge port 24 can be enhanced effectively. 
15 [0228] The groove 30 shown in Figs. 21 and 22 is formed like a rectangle in cross section, but the cross -sectional 
form of the groove 30 is not limited thereto. 

[0229] Also in the structure shown in Figs. 21 and 22, preferably mirror finish and water-repellent treatment are 
applied to at least a pair of slopes 27a and 27b as in the first embodiment previously described with reference to Figs. 
18 to 20. 

20 [0230] Next, Figs. 23 and 24 respectively show a capping unit according to a ninth embodiment and a tenth embod- 
iment of the invention. 

[0231] Figs. 23 and 24 are sectional views of the capping unit on a little enlarged scale than that in Figs. 20 and 22. 
[0232] In the ninth embedment shown in Fig. 23, a pair of slopes 27a and 27b is dented like a circular arc. 
[0233] According to the structure shown in Fig. 23, a ridgeline can be eliminated on the boundary between a seal 
25 member 22 and the slopes 27a and 27b and at the initial stage at which ink starts to flow into an ink discharge port 24, 
the ink flows on the steep slope and thus can be led rapidly toward the ink discharge port 24 without ink cutoff or leaving 
a part of ink on the slope. 

[0234] In the tenth embodiment shown in Fig. 24, a seal member 22 is fomned communcating in a holder 21 fomi- 
ing a part of the capping unit 9 and further the seal member 22 is molded so as to project to an opening of the holder 

30 21 as in the embodiment previously described with reference to Figs. 18 to 23. 

[0235] In the cross-sectional state shown in Fig. 24, the holder 21 is shown in a state in which the inner bottom face 
of the holder 21 and the portion forming the outside thereof are separate, but the inner bottom face and the outside por- 
tion are joined in a part not appearing in the figure. An outer shell member 31 is molded of a synthetic resin on the 
peripheral walls and the bottom wail of the outside portion of the holder 21 so that the holder 21 and the outer shell 

35 member 31 are molded in one piece. 

[0236] In Fig. 24, a dashed line is inserted between the holder 21 and the outer shell member 31 for convenience 
of the description so that the holder 21 and the outer shell member 31 can be distinguished from each other, the holder 
21 and the outer shell member 31 are molded in one piece and thus originally the dashed line does not exist In the 
cross-sectional view of Fig. 24. 

40 [0237] Using a two-color molding method, first the holder 21 and the outer shell member 31 are molded in one 
piece with a primary metal mold (not shown), then the seal member 22 is molded between the holder 21 and a second- 
ary metal mold (not shown), whereby the structure of the capping unit 9 shown in Fig. 24 can be provided. 
[0238] According to the structure shown in Fig. 24, the holder 21 and the outer shell member 31 are molded in one 
piece, so that it is made possible not only to reduce the number of steps assembling the holder and outer shell member 

45 as in the related art, but also to occurrence of a defect at the assembling time can be eliminated, so that the reliability 
of the capping unit 9 can be enhanced and the number of parts can be decreased for reducing the costs. 
[0239] Also in the ninth and tenth embodiments previously described with reference to Figs. 23 and 24, preferably 
mirror finish and water-repellent treatment are applied to at least a pair of slopes 27a and 27b. In doing so, the phenom- 
enon in which ink drops are left like several islands in the capping unit 9 does not occur and the ink can be discharged 

50 so that the remaining amount becomes zero or so. 

[0240] According to the seventh to tenth embodiments of the invention, the ink discharge port communtoating with 
the negative pressure generator is formed at the bottom of the internal space of the capping unit and the ink leader for 
producing the capillary action on ink discharged from the recording head and leading ink in the internal space to the ink 
discharge port is formed, so that the ink in the capping unit can be led to the ink discharge port by the capillary action 

55 and can be discharged instantly by the negative pressure generator. 

[0241] In addition, the holder forming at least the inner bottom face of the capping unit and the seal member capa- 
ble of sealing the recording head are formed of different materials, thus occurrence of bubbles caused by the surface 
tension of ink can be decreased because the holder and the seal member differ in interfacial state, and the degree of 
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occurrence of a print failure caused by occurrence of a bubble can be decreased. 

[0242] Figs. 25 to 28 show a capping unit according to an eleventh embodiment of the invention. Fig. 25 is a per- 
spective view of the capping unit and Fig. 26 is a longitudinal sectional view of the capping unit. Fig. 27 is a plan view 
of the capping unit from the top face and Fig. 28 is an enlarged sectional view taken on line H-H in arrow direction in 
5 Fig. 26. 

[0243] As shown in Fig. 25, the capping unit 9 is nnade up of a holder 21 formed almost like a rectangular parallel- 
epiped and a cap member 22 of a rubber material, etc., having an end face formed almost like a square, the cap mem- 
ber 22 being placed on the top face of the holder 21 . 

[0244] The cap member 22 is attached to the holder 21 in a state in which it is buried along the margins of the top 
10 face of the holder 21 as shown in Fig, 26. The cap member 22 is identical with the cap member 9d previously described 
with reference to Fig. 2. The cap member 22 fomris an opening for sealing a nozzle formation face 12 of a recording 
head 12. 

[0245] On the other hand, the holder 21 is molded of a synthetic resin, for example, and is formed with a taper-like 
space 55 having a slope 54 shrunk continuously from an opening made in the cap member 22 to an ink discharge port 

15 53 for guiding ink in the capping unit 9 into the ink discharge port 53. 

[0246] On the bottom face of the holder 21 formed with the ink discharge port 53, a suction pipe 58 is molded inte- 
grally with the holder 21 and the ink discharge port 53 is made to communicate with a pipe line 56a formed in the suc- 
tion pipe 56. A tube 57 is connected to a lower end part of the suction pipe 56 and is connected to the suction pump 56 
as negative pressure generator. 

20 [0247] The pipe line 56a formed in the suction pipe 56 is provided with a liquid retainer 58 capable of retaining liquid 
(ink) by capillary action as shown in Fig. 28 (enlarged sectional view). 

[0248] In the embodiment shown in Fig. 28, the liquid retainer 58 is made up of a plurality of projection ribs 58a pro- 
jecting toward the center of the pipe line 56a. As schematically shown in Fig. 28, ink IK is held by capillary action 
between the adjacent projection ribs 58a in the presence of the plurality of projection ribs 58a, 

25 [0249] In the embodiment shown in Fig. 28, eight projection ribs 58a of the same shape are spaced almost equally 
from each other along the length direction of the pipe line 56a; the number of the projection ribs 58a is set appropriately 
in response to the requirements of the inner diameter of the pipe line 56a, the height of the projection rib 58a, etc. 
[0250] Preferably, water-repellent treatment is applied to the surface of the slope 54 formed from the opening in the 
capping unit 9 to the ink discharge port 53. 

30 [0251] By applying water-repellent treatment to the slope 54, if ink is discharged from the recording head 12 into 
the capping unit 9 as described later, it does not stick to the slope 54 to which water-repellent treatment is applied, and 
smoothly moves to the ink discharge port 53 as the ink is made spherical by the surface tension. 
[0252] As means for applying the water-repellent treatment, the means covered in the description of the recording 
apparatus according to the first to third embodiments can be used intact That is, using a high water-repellent material 

35 as the material of the holder 21 or conducting post-treatment particularly for the slope 54 of the holder 21 , for example, 
with a fluorine-containing polymer can be named. It is also effective to apply water-repellent treatment to the cap mem- 
ber 22. 

[0253] On the other hand, preferably hydrophllic treatment is applied to the liquid retainer 58 formed of a plurality 
of projection ribs 58a, namely, the surface in the pipe line 56a of the suction pipe 56. 
40 [0254] Hydrophilic treatment is applied to the liquid retainer 58, whereby a phenomenon in which ink aggressively 
sticks to the corresponding part occurs as shown in Fig. 28 and the holding effect of ink by capillary action can be more 
increased. 

[0255] As an example of applying the hydrophilic treatment, the surface is activated by UV application, plasma 
application and high-temperature aging is executed with a high -wettability dye liquid, whereby a wet component can be 
45 adsorbed onto the surface forming the liquid retainer 68, so that an affinity for water can be provided. 

[0256] In the described structure, the nozzle formation face 1 2a of the recording head 1 2 is sealed with the capping 
unit 9 and the suction pump 10 as negative pressure generator is driven, whereby ink can be sucked and discharged 
from the recording head 12. 

[0257] The suction operation is executed in a state in which sealing the recording head 12 with the capping unit 9 
50 is released, whereby the ink in the capping unit 9 is moved from the slope 54 to the ink discharge port 53. The suction 
operation is further continued, whereby the ink is discharged to the outside without leaving the ink in the ink discharge 
port 53. 

[0258] Thus, the problem of accumulating a humectant contained in the ink at a high density in the capping unit with 
the passage of time can be solved. 
55 [0259] On the other hand, the flushing operation of jetting a predetermined amount of ink from the recording head 
12 into the capping unit 9 is executed just before the capping operation wherein the recording apparatus enters a sus- 
pend mode. 

[0260] In this case, according to the structure adopting the capping unit previously descried with reference to Figs. 
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25 to 28, ink drops jetted from the recording head 12 are jetted toward the slope 54 in the capping unit 9 and are 
received on the slope 54. 

[0261] Since water-repellent treatment is applied to the slope 54 and the slope 54 is formed so as to be continu- 
ously shrunk toward the ink discharge port 53 as descried above, each ink drop moves to the ink discharge port 63 
5 placed in the gravity direction as it is made like a ball by the surface tension. The ink led to the ink discharge port 53 Is 
held in the liquid retainer 58 formed of the plurality of projection ribs 58a. 

[0262] In this case, the ink holding capability can be more enhanced by applying hydrophilic treatment to the liquid 
retainer 58 as described above. In this case, ink having a comparatively large water content jetted from the recording 
head 1 2 is held by the liquid retainer 58, so that the water content in the ink maintains the internal space of the capping 
10 unit 9 at high humidity and therefore the degree to an increase in viscosity of ink or hardening of Ink In nozzle orifices 
can be decreased efficiently. 

[0263] Next, Fig, 29 shows a capping unit according to a twelfth embodiment of the invention. Fig. 29 is an enlarged 
sectional view of a suction pipe 56 and corresponds to Fig. 28 In the first embodiment. 

[0264] The forms, etc.. of a holder 21 . a cap member 22. and a slope 54 fonned in the holder 21 in the embodiment 
75 are similar to those in the eleventh embodiment previously described with reference to Figs. 25 to 27. 

[0265] As shown in Fig. 29, a pipe line 56a formed in the suction pipe 56 is provided with a liquid retainer 58 capa- 
ble of holding liquid (ink) by capillary action as shown in Fig. 28 (enlarged sectional view). 

[0266] In the embodiment shown in Fig. 29, the liquid retainer 58 Is made up of a plurality of grooves 58b fomned 
along the inner face of the pipe line 56a. As schematically shown in Fig. 29, Ink IK Is held by capillary action In the 

20 grooves 58b in the presence of the plurality of grooves 58b. 

[0267] In the embodiment shown in Fig. 29, eight grooves 58b of the same shape are spaced almost equally from 
each other along the length direction of the pipe line 56a; the number of the grooves 58b is set appropriately in 
response to the requirements of the inner diameter of the pipe line 56a. the depth of the groove 58b, etc. 
[0268] Since the ink holding capability can be more enhanced by applying hydrophilic treatment to the Inside of the 

25 pipe line 56a in which the groves 58b are formed in a similar manner to that described above, the water content in the 
ink maintains the internal space of the capping unit 9 at high humidity and the degree to art increase In viscosity of Ink 
or hardening of Ink in nozzle orifices can be decreased efficiently. 

[0269] Next, Fig. 30 shows a capping unit according to a thirteenth embodiment of the Invention. Fig. 30 is a longi- 
tudinal sectional view of the capping unit 9 and corresponds to Fig. 26 in the first embodiment. 
30 [0270] The fomns, etc., of a holder 21 , a cap member 22, and a slope 54 formed in the holder 21 in the embodiment 
are similar to those in the eleventh embodiment previously described with reference to Figs. 25 to 27, and parts identical 
with or similar to those previously described with reference to Figs. 25 to 27 are denoted by the same reference numer- 
als in Fig. 30. 

[0271] In the embodiment shown in Fig. 30, a liquid absorption member 58c as the liquid retainer 58 is placed in a 
35 communication part between an ink discharge port 53 and a pipe line 56a. The liquid absorption member 58c com- 
prises a material having a large number of minute holes formed like a sheet and liquid (Ink) is absorbed and held in the 
minute holes. 

[0272] Preferably, the liquid absorption member 58c Is formed of a porous foam; for example, nonwoven cloth pro- 
vided by integrating long fiber of rayon, polyester, etc., can also be used. A metal filter Into which metal fiber is finely 
40 weaved may also be used. 

[0273] Preferably, hydrophilic treatment similar to that described above is applied to the sheet-like liquid absorption 
member 58c which Is a porous foam, nonwoven cloth, or a metal filter; the liquid (ink) holding capability in the minute 
holes or minute spaces formed between the fibers can be enhanced by applying the hydrophilic treatment to the liquid 
absorption member 58c. 

45 [0274] Water-repellent treatment is applied to a slope 54 formed in the holder 21 and therefore ink can be led to the 
Ink discharge port 53 without leaving the ink on the slope 54. 

[0275] Since ink having a comparatively large water content jetted from a recording head by the flushing operation 
is held in the sheet-like liquid absorption member 58c forming the liquid retainer 58, the water content in the ink can 
maintain the internal space of the capping unit 9 at high humidity. 
so [0276] Next, Figs. 31 and 32 show a capping unit according to a fourteenth embodiment of the invention. Fig. 31 is 
a longitudinal sectional view of the capping unit 9 and conresponds to Fig. 26 In the first embodiment. Fig. 32 is an 
enlarged sectional view taken on line l-l In arrow direction in Fig. 31. 

[0277] The forms, etc., of a holder 21 , a cap member 22. and a slope 54 formed in the holder 21 In the embodiment 
are similar to those in the eleventh embodiment previously described with reference to Figs. 25 to 27, and parts identical 
55 with or similar to those previously described with reference to Figs. 25 to 27 are denoted by the same reference numer- 
als in Figs. 31 and 32. 

[0278] In the embodiment shown in Figs. 31 and 32, a liquid retainer 58 is made up of a plurality of thin pipes 58d 
separately formed along a pipe line for holding liquid (ink) by capillary action In the thin pipes 58d. The number of the 



17 

BNSDOCID: <EP 1083052A2J_> 



EP 1 083 052 A2 



thin pipes 58d and the inner diameter of each thin pipe 58d are not limited to those illustrated in Fig. 32 and can be 
selected appropriately. 

[0279] Hydrophilic treatment is applied to the inner surface of each thin pipe 58d, thereby enhancing ttie ink holding 
capability of each thin pipe 58d; advantages similar to those in the first to third embodiments can be provided. 

5 [0280] As seen in the description made so far, the capping unit in the recording apparatus according to the eleventh 
to fourteenth embodiments of the invention is formed with the taper-like space having the slope shrunk continuously 
from the opening to the ink discharge port for guiding ink in the capping unit into the ink discharge port and comprises 
the liquid retainer capable of holding liquid by capillary action, placed in the pipe line communicating with the negative 
pressure generator from the ink discharge port, so that ink is reliably discharged at the suction operation time and when 

10 the capping unit is replenished with ink by performing the flushing operation, the ink is led to the ink discharge port 
along the slope without accumulating on the inner face of the capping unit. 

[0281] The a liquid retainer placed in the pipe line communicating with the negative pressure generator from the ink 
discharge port holds the ink. Therefore, the problem of accumulating a humectant contained in the ink at a high density 
in the internal space of the capping unit can be solved. 
15 [0282] The water content contained in the ink held by the liquid retainer placed in the pipe line can maintain the 
internal space of the capping unit at high humidity and it is made possible to efficiently suppress evaporation of ink in 
nozzle orifices. 

[0283] Although the present invention has been shown and described with reference to specific preferred embodi- 
ments, various changes and modifications will be apparent to those skilled in the art from the teachings herein. Such 
20 changes and modifications as are obvious are deemed to come within the spirit, scope and contemplation of the inven- 
tion as defined in the appended claims. 

Claims 

25 1. An ink jet recording apparatus comprising: 

a recording head having a nozzle formation face provided with nozzle orifices from which ink drops are jetted 
to print on a recording medium in accordance with print data; 

a capping unit having an internal space communicated with a negative pressure generator, and having an 
30 opening for sealing the nozzle formation face and sucking ink from the nozzle orifices into the internal space 

by negative pressure generated by the negative pressure generator; 

an ink discharge port formed on a bottom portion of the internal space of the capping unit; and 

an ink leader provided in the capping unit so as to generate capillary action to lead the sucked ink toward the 

ink discharge port 

35 

2. The ink jet recording apparatus as set forth in claim 1 , wherein a pair of slopes are fomned in the internal space so 
as to extend from the opening toward the bottom portion; 

wherein the ink leader is provided as a valley line defined as an intersection of the slopes; and 
40 wherein the ink discharge port is formed on a part of the valley line. 

3. The Inkjet recording apparatus as set forth in claim 2, wherein the opening is formed into a rectangular shape; and 
wherein the valley line extending in a longitudinal direction of the rectangular opening. 

45 4. The ink jet recording apparatus as set forth in claim 2, wherein a groove is formed along the valley line. 

5. The ink jet recording apparatus as set forth in daim 1 , wherein the ink leader is provided as a plurality of grooves 
formed on the bottom portion of the internal space so as to extend toward the ink discharge port. 

50 6. The ink jet recording apparatus as set forth in claim 5, wherein the width of each groove is gradually narrowed 
toward the ink discharge port. 

7. The Inkjet recording apparatus as set forth in claim 1 , wherein the ink leader is provided as a plurality of protruded 
ribs formed on the bottom portion of the internal space so as to extend toward the ink discharge port. 

55 

8. The ink jet recording apparatus as set forth in claim 5, wherein the width of each gap defined between the pro- 
truded ribs is gradually narrowed toward the ink discharge port. 
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9. The ink jet recording apparatus as set forth in claim 1 , wherein water-repellent treatment is applied to surfaces of 
the internal space. 

10. The ink jet recording apparatus as set forth in claim 1 , further comprising a controller for causing the negative pres- 
5 sure generator to apply the negative pressure to the ink discharge port in order to: 

(1 ) suck a first amount of ink from the nozzle orifices when the capping unit seals the nozzle fomnation face; 

(2) suck a second amount of ink, which is smaller than the first amount, from the nozzle orifices when the cap- 
ping unit seals the nozzle formation face; and 

10 (3) suck ink remained in the internal space when the capping unit is apart from the nozzle formation face. 

11. The ink jet recording apparatus as set forth in claim 1, wherein the capping unit is separated from the nozzle for- 
mation face in an unparallel attitude with respect to the nozzle fonnation face in accordance with a predetermined 
movement of the recording head; and 

15 wherein the ink discharge port is placed at an end portion of the bottom portion of the internal space which is closer 
to the nozzle formation face when the capping unit starts to be separated from the nozzle formation face. 

12. The ink jet recording apparatus as set forth in claim 1 , wherein the capping unit is separated from the nozzle for- 
mation face in a parallel attitude with respect to the nozzle formation face in accordance with a predetermined 

20 movement of the recording head; and 

wherein a pair of ink discharge ports are placed at both end portions of the bottom portion of the internal space. 

13. The ink jet recording apparatus as set forth in claim 1 , further comprising a projection for breaking bubbles appear- 
ing due to surface tension of an ink solvent. 

25 

14. The ink jet recording apparatus as set forth in claim 13. wherein the opening of the capping unit is formed into a 
rectangular shape; 

wherein a pair of slopes are formed in the internal space so as to extend from the opening toward the bottom 
30 portion such that a valley line defined as an intersection of the slopes extends in a longitudinal direction of the 

rectangular opening; and 

wherein the projection is formed on each of the slopes. 

15. The ink jet recording apparatus as set forth in any one of claims 1 to 4, wherein the capping unit Includes a holder 
35 member which defines at least the opening and the bottom portion of the internal space thereof, and a seal member 

held by the opening, which is to be abutted against the nozzle formation face. 

16. The Ink jet recording apparatus as set forth in claim 15, wherein an interior angle between the slopes is 160 
degrees or less. 

40 

17. The ink jet recording apparatus as set forth in claim 15, wherein a cross section of the slopes is curved 

1 8. The ink jet recording apparatus as set forth in claim 1 5, wherein the holder member and the seal member are made 
of materials different with each other. 

45 

19. The ink jet recording apparatus as set forth in claim 18, wherein the holder member is made of a synthetic resin 
material, and the seal member is made of a rubber material. 

20. The ink jet recording apparatus as set forth in claim 15, wherein the holder member includes an inner shell portion 
50 which defines the internal space and an outer shell portion integrally formed with the inner shell portion so as to 

surround the inner shell portion; and 

wherein the seal member is fomned between the inner shell portion and the outer shell portion integrally therewith. 

21. The ink jet recording apparatus as set forth in claim 15, wherein a surface roughness of the bottom portion of the 
55 internal space is 25^m or less. 

22. The ink jet recording apparatus as set forth in claim 1 , wherein the ink leader includes a slope continuously extend- 
ing from the opening to the ink discharge port, and a liquid retainer formed on a communication path between the 
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ink discharge port and the negative pressure generator. 

23. The ink jet recording apparatus as set forth in claim 22, wherein the liquid retainer is provided as a plurality of ribs 
protruded from an inner face of the connnnunication path. 

5 

24. The Ink jet recording apparatus as set forth in claim 22, wherein the liquid retainer is provided as a plurality of 
grooves formed on an inner face of the communication path. 

25. The Ink jet recording apparatus as set forth in claim 22, wherein the liquid retainer is provided as a liquid absorbing 
10 member provided at a connecting portion of the ink discharge port and the communication path. 

26. The ink jet recording apparatus as set forth In claim 22, wherein the liquid retainer Is provided as a plurality of thin 
tubes formed in the communication path so as to extend therealong. 

15 27. The ink jet recording apparatus as set forth in claim 22, wherein hydrophilic treatment is applied to the liquid 
retainer. 

28. A method of discharging ink used for the ink jet recording apparatus as set forth in any one of claims 1 to 9, com- 
prising the steps of: 

20 

sealing the nozzle formation face with the capping unit; 

driving the negative pressure generator to suck ink from the nozzle orifice into the internal space of the capping 
unit; 

separating the capping unit from the nozzle formation face; and 
25 driving the negative pressure generator to discharge the sucked Ink from the ink discharge port such that the 

discharging speed is controlled such an extent that no suction vortex appears in the sucked ink. 

29. A method of discharging ink used for the ink jet recording apparatus as set forth in any one of claims 1 0 to 1 4, com- 
prising the steps of: 

30 

sealing the nozzle formation face with the capping unit; 

driving the negative pressure generator to suck a first amount of ink from the nozzle orifice Into the internal 
space of the capping unit; 

separating the capping unit from the nozzle formation face; 
35 driving the negative pressure generator to discharge the sucked ink from the Internal space of the capping unit; 

sealing again the nozzle fomriation face with the capping unit; and 

driving the negative pressure generator to suck a second amount of ink, which is smaller than the first amount, 
from the nozzle orifice in order to restore a meniscus of ink in each of the nozzle orifices. 

40 30. An Ink jet recording apparatus as set forth in any one of claims 1 0 to 14, wherein an ink composition of the ink con- 
tains 0.2-1 .5 wt% of a surfactant. 
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